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A molecular pump which d i f f e r s  considerably from known models 

is discussed as t o  its s t ruc ture  and mode o f  action. I n  t h i s  

construction, the commonly used air-gap of a few 1/100 rnm is no 

longer required so that a high degree of operating safety can 

be achievad. 

considerable evacuation rate of the pump. 

evacwtion rate, a high pressure r a t i o  Zs obtained at the  same 

tine. 

solely by the perviousness of the device and by the ennission of 

gases through the walls. 

with various b a o k i q  pumps w i l l  be demowtrated by diagrams;, 

Moreover, the fields of appZfcatiom of these pumps will be d%s- 

cussed i n  some detail, 

Another advantage of the  construction fs the 

In spite%f the  high 

The f i rsal  vaoum ia limited, f o r  p rac t i ca l  purposes, 

The ac t ion  of the  paunp when combimd 

In S933p Qaede published Lais investigations r e l a t fng  t o  a molecular 
k, pmp.  (F%g, I), The siaplest oomtruet ion consisls 09 a cylindrica2 

casting w i t h  a ring-shaped groove which ia interrupted a t  o8e plaoeg amd 

of a oylindrieaL runner. 

an ou-tsida drive. The gases w i l l  then be pulled along by thhedr f r i c t i o n  

on the  cy l indr ica l  mamer; they w i l l  move fn %he di rec t ion  of the arrow. 

It ds possible, when using' thfs arrangement, t o  connect several  steps i n  

The runner is be5 rotated rapidly by meam of 



s e r i e s  i n  order t o  increase the pressure r a t i o ,  

such steps, it iS also possible t o  use a helix-shaped groove as Gaede 

indicated a t  tha t  time, This type of construction r n ~  l a t e r  improved 

Instead of' several  

fur ther  br  Ho 

- .  _ _  ____-- - 

Fig, 1, Schematic drawing of the 
moleaular pump according t o  Gae&%. 

Fig,  2,  Xoleaular aceording to Gaede-Holweck, 

Since only a vsry smll air-gap may be permitted t o  ex i s t  between 

the mmer aad the  casing, Siegbahn suggested a form of Construction i n  

which expansions due t o  heat o r  t o  cenizifugal fox-cea a f f ec t  the gap t o  

a very incomiderable extent only (Fig, 3)e Instead of' the cyl indr ica l  

rumer, a disc-shaped Punner is being used3 spiral-shaped g~soves have 

bem b u i l t  i n t o  %he casing a t  both sides of  the manner. 
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Fig;, 3 .  

In sp i te  of i t s  

olecular pump aceording t o  S%egb&hn, 

good features ,  t he  molecular pump-regardless of 

its construction-has had but ii"c1e success i n  practice.  

advaatageous charac te r i s t ics  should be mentioned: the  nhightt vapour- 

free high vacuumy the yapid readiness f o r  operation, and the  lacking 

sensit ivity t o  atmospheric pressurer 

so l i t t l e  general aoceptame are9 oa the one hard, the reLativs3y low 

rate of evacuation when compared t o  t h e  input, and on the other  hand S t s  

high s e n s i t i v i t y  t o  fumi 

The following 

The reasons wh~?  the  pwnp h a  foulad 

bodies or to beat eXpansfoB. 

The gerfomrraacs o f  a aolecultar pump depevads, i n  the  known pumps9 

very cons%derably o a t h e  effect iveness  of the paekiag gap (Fig, 1). 

ill be moved f a  t he  packfag gap s j u s t  ad: i n  the operating groove 

hg due t o  the f r i u t i o n  of rotat ion,  and w i l l  cQme from an area  of Iakghes 

pressure i n t o  an area o f  lower pressurec 

the evacuation side and the  pressure side c rea tes  an addi t ional  stream 

The pressure gradient between 
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sf gas. 

and9 therebr9 places stress on the evacuation s ide ,  

the peflormnse of a molecular pmp will 

pressure r a t i o  of ktlO for one s t ep  when the gap is inf ini te ly  mrrowa 

fn pract ice ,  however, considerably lower values w i l l  be obtained-repre- 

seating approximately the r e l a t iob  of the depth of the operating groove 

h %€I the  packing That; means that  the operating q u a l i t i e s  of the 

pump w f l l  improve with the narrowing of the gape 

far have been operating d t h  gap widths of 3 / l O O  t o  !j/lOO me 

these narrow gaps involve a grave danger: 

may deform the sapid@ ro ta t ing  cylinder by the  same &mount9 or a foreign 

body of t h e  saae dimensions as the gap which may penetrate i n t o  the  pump 

and lead t o  $Be erosion of the  mmer and, comequently, t o  the destruc- 

t i o n  0% the  pump. 

The aim 

On the evaouation side,  the gas pulled through the gap B expands 

The calculat ion of 

the r e su l t ,  e g g r 9  of" a 

4 

s. 

The pumps known so  

But, 

a sudden inf lux  of a i r  which 

of our development; was t he  creat ion of a molecular pump 

that can operate with the l a rges t  possible gap, and thatp i n  addition, 

achieves a high pressure r a t i o  combined with a high speecf of evacuation- 

comparable t o  that ~f di f fus ion  pumps. 

by far, not the  obstacle that  it is commom;k$ assumed t o  be, provided 

t h a t  there  is eylougkl play between the m m e r  and the cylinder so t 

1aea.fr exy>amsiolzs, sudden S&lux of air, and small forekgn bodies w i l l  not 

be rs;blts t o  cause aw &mag@. 

The high rate of revolutions i 

I wish t o  refer t o  the f a c t  that modem 

kitchen spplit2neesr such as mixers, run with a rate of ievolutAom of 

14,0OO/mhna without t h  oecurrence of any spec ia l  diff  i cu l t i ea ,  Much 

higher rates of revolutions a re  common i n  the engines of modern j e t  

airplanes,  



Pig. 4 is a schematic drawing of the s t ruc ture  of the  new PWpo 

The s t a t o r  plates 2 and the runner 3 are located in the casing 1, The 

s t a t o r  p l a t e s  have been mounted i n  f ixed  posit ions within the aasirag, 

while -the r o t o r  p l a t e s  have been mounted on the axis and a re  rapid13 

rotated by tha t  a i s ,  All the  p la tes  have oblique s l o t s  which are arraxqpd 

i n  such 8, way that %he S X O ~ S  of the  s-tator p la tes  represent mirror 

Of the slots of t h e  roBor p la tes ,  

I 

W 

Fig, 4. Sohemti@ drawing of the new molecular 

Fig, 5 ,  Performanix of the rotos-plates and stator-plates,  

We look at FSg. 5 f o r  a be t t e r  understanging of the modus e 

That j l l u s t r a t i o n  shows the performance of 8 few so-tos p la t e s  and s t a t o r  

I__ 
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pla tes .  The 

w a l l  w r k e d  1 f o m ,  together with the t o t a l  surface of t he  second rotor 

nlate, a wedge-shaped channel, In t h i s  channel, t he  gas moves i n  the 

d i r e c t i o a  of the  arrow. 

L e t  us look first a t  a groove A i n  the first s t a t o r  p l a t e s  

The w a l l  3 of the groove E i n  the ro to r  plate a l s o  f o r m  a channel 

with the  surface of the s t a t o r  p l a t e ,  and again, P moving e f f e c t  takes 

place,  A% the same time, the w a l l  2 of the same groove i n  the  ro to r  

pla-te formsp together w i t h  the surface of t he  nearest  s t a t o r  p l a t e ,  a 

wedge-shaped chamel, and once more, the gas w i l l  be pulled i n  -the 

d i r ec t ion  of the arrow, 

If r e l a t i v e l y  t h i n  plates-of a thiokness of a few millimeters, e,g.-- 

are chosen9 only shor t  channels and thereby a l o w  pressure r a t i o ,  a re  

obtained i n  one pla t@,  but on the other  hand, it w i l l  be possible t o  

rsount many pairs of plates 8 0  that 8 high t o t a l  pressure r a t i o  w i l l ,  

wver the less ,  be obtained, 

of p la tes ,  the! distanoe of the  p l a t e s  from each other a f f ec t8  the presaur 

r a t i o  and the speed of evacuation but l i t t l e  so tha t  it w i l l  be possible 

t o  ssbct distances  of the plates tha t  may be 1 mmr or larger, without 

encountering any d i r f i c u l t i e s  

propert ies  in a noticeable But, a t  the  same time, many channels 

operate p a r a l l e l  t o  each oLher, In the oase of the pump shown i n  %he 

immediately follow3.a.g flluatratiollss, these are 40 operating c h a m s l s ~  

therebyb a hSgh speed of evacuation w i l l  be achieved, L ikewise ,  r a d b l  

s l o t s  between the  ro to r  and the casing m a y  be b u i l t  w i t h  a width of 1 

willaou-t any fu r the r  difffcul%y,  became the  quanti* of a i r  that w i l l  

f l o w  back9 due t o  the  pressure gradient,  w i l l  be still smzU as compared 

t o  the evacuation veloci ty ,  The pump shown has a s l o t  of' 3 mm, and the 

aiatance of %he p l a t e s  from each other a l s o  amounts t o  1 mm, 

That process is repeated f o r  a l l  the plates .  

Dud t o  the small pressure r a t i o  of one p a i r  

and without changing the operating 
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Fige 6, Rotor of the  new molecular pwurap. 

' ;  .:. . .  . .  
. .  

Fig, 7. V i e w  of the  new molecular pump, 

Fig. 6 presents a photograph of t he  Turner. %'hen the angle under 

which the grooves are milled i n t o  the plate& is chosen t o  be small, t 

a high p e s a u r e  r a t io ,  togethes with a Low speed of evacuation, w i l l  be 

obtained. E a very large angle i s  chosen, however, then a high speed 

of evacuation w i l l  be obtained, together with a low pressure r a t io .  

pla%es that ore directed  ward the cemter of the high-vacuum s ide  present 

a Large! angle f o r  high evacuation speed, while the outer p la tes  which a6 

8s backers have low evacuation ve loc i t i e s  accompanied by a hlgh prearsur 

rat i o  . 

The 

Fig, 7 shows an  execution of the  PUI.UF. The diameter of the manex- 

The ball bear i  amounts t o  170 m, and it runs at a r a t e  of 16,000 rpm, 

a r e  supplied with a continuous f l o w  of o i l  by waris QT a Teed pump whereby 

lubricat ion and cooling axe assurede f t  i s  driven from the  outside by 
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r% standard polyphase induction motor of 0 , 3  kWg by means of a b e l t  

trammission. 

Fig, 8. Sche t i 6  drawing of the etrrcangelrangnt 
of the measuring devices, 

Fig. 8 is a schematic drawing of t h e  measuring devises. The en t i r e  

s t ruc ture  cons is t s  of welded s teel  with metal packings. A t  both the 

locations A and B7 the measuring systems of an  ionizat ion vacuum-meter 

according t o  Alpert has been b u i l t  in. On the  upper r igh t ,  a needle 

valve has been mounted t o  8erve as a gas in l e t .  The tube communicating 

between the  two measuring chambers has been dimensioned i n  such a way that, 

a t  the maximum speed of evacuation, a pressure r a t i o - o f  l t 8  w i l l  e x h t  

between the t w o  measuring #i%ers. 

i n  the area paaging from loa4 t o  fOe6Torr because, i n  that area,  the a i r  

t h a t  is allowed t o  come i n  through the needle valve can st i l l  be determined 

That measuring sec t ion  w a s  oal ibrated 

with suf f ic ien t  precision. In  the case of lower pressures, the  speed of 

evacuation was determined on the  basis  of t he  pressure r a t i o  of the two 

aeuring sites1 The final vacuum achieved during the tests amotanted t o  
-3.0 5 times 10 Torr,  The residual  gas w a s  
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Fig, g o  Dependence of the high vac 
rough vacuum9 f o r  d i f f e ren t  gases. 

The next i l l u s t r a t i o n  demonstrates the depsyldencs of the high- 

vacuum on the Tough vacuum ~ ‘ V O X V ~ W ~ ~ .  

curve 2 applies t o  hydrogen, and cume 3 appl ies  t o  the re f r igerant  F 12, 

Curve 1 applies t o  the air, 

While the pressures obtailred are highp the p u p  has a r e l a t ive ly  smll 

pressuse r a t i o ,  When the trans3t;ion t o  the molecular f i e l d  takeg place, 

the pressure r a t i o  increases rapidly, and it obtains i ts  mwxirmam value 

when the poagh vacuum mounts t o  LO -2 * It depends largely on the 

moleoular weight of the gas t o  be moved. 

for hydrogen anaoun%s $0 ls25Og f o r  a i r  it is 10.5 times 10 

presaure r a t i o  f o r  absolutely pare F 12 (Frigen 22) is, theore t ica l ly8  

The ~saximum pressure ra-&io 
7 The maxhm!. 

still much kaig&es a~ ma$ be seen by -the d9apams. 
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Fig e 11 

Fig,  10, Evacuation speed f o r  various gasesB 

e Dependence of the evacuation speed on the high 
f o r  various backing pumps, i n  the cam of aire 

vaouum9 

The aex”c i l l u s t r a t i o n  shows the  evacuation veloci ty  of the pump as 

dependent on the pressure of the high-vacuum side,  with a backing pump of 

45 m3/be 

is higher than the  evacuation speed for air  even though only a very 

considerably smaller pressure r a t i o  is ef fec t ive  i n  the case of hyd2ogen. 

The hieher evacuation speed is due t o  the f a c t  t h a t  the f l o w  resis tance 

witMn the &lots: is oonsiderably lower f o r  hydrogeur than for air. m e n  

It is  worthy of a t t en t jon  that the  evacuation speed f o r  hydrogen 

compared thereto? the  pump reaches only a smaller evacuation speed i n  

the case of the refrigera&% F 12 beoause, hem, the t ;hrot t l i r@ e f fec t  of 

the s l o t s  %e smaller. 

IO** t o  XO-’ Torr eonstant YOOm /h and decreases slowly thereaf ter .  

Vdhen the  evacuation speed is  determined solely f o r  the p a r t i a l  pressure 

The evacuation veloci ty  f o r  %he a i r  ranges from 
3 

of the  air, without talcring i n t o  account the residual  pressure which 

consistkt 05“ hydrogeng then the evacuation speed w i l l  remain constaat 

even beyond IO=-’ Torr, 

by the laydrogtsn which e i the r  diffused through the s t e e l  walls o r  was 

The measured final vacuum was largely de%ermined 

freed from them. 
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The next i l l u s t r a t i o n p  Fig. llp shows the evacuation speed for a i r  

as dependent on the  pressure exercised on the high vacutua s ide  in the 

case o f  various backing pmps0 

stage pump combination which had an evacuation speed of 45 m /hg the 

second. curve corresponds t o  a two-stage p u p  that had 8n evacuation 

se l so i ty  of 10 m /h, and the  bot%om curve corresponds t o  a two-stage 

%he upper curve w a s  segjs tered by a %WQ- 

3 

3 

ro t a t ing  pump with an evacuation speed of 2,5 m 3 /he Bs m y  be seen, the 

evacuation speed changes o d y  i n  the  area of high pressures w i t h  the 

backing pump m 

The construction of an  i n s t a l l a t i o n  f o r  vacuum techniques, i n  

connection w i t h  the pump described abovep is very simple, par t icu lar ly  

when a frequent r epe t i t i on  of' the! evacuation is in-bended, 

be connected d i r ec t ly  with the recipient-without inser t ion  of any 

valve--and it is a l s o  possible t o  connect the backing pump d i r ec t ly  with 

the molecular pump, without arg valve. 

simultaneously, at  atmospheric pressurer By t he  time when the backing 

pump reaches the area of' approximately la"' Torr--this generally takes 

some five minutes--the molecu1ar pump bas aheady  reached its fiml rate 

of revo1ut;ions and takes over the fu r the r  pumping process un t i l  the 

desised vacuum has been reacthed, 

the  atmospheric pressure, does not damage the  pump at al3, 

clutch of t he  engine sees t o  it that the  engine cannot be overburdened, 

A% ~ ~ ~ o ~ ~ h ~ r i c  presetare, a low r a t e  of revolutions of the pump oocum whish 

increases as t he  pressure falls and a l s e a Q  reaches its Pull Tate st 10 

TomI The molecular pump described may be used advantageous1y wherever. 

the stress is on a vacuum that is absolute 

superior t o  a diff'usion pump i n  t h e  area ranging frcan l0-l t o  

because it reaches i ts  f u l l  evacuation vsloci%y as early as LO""* Torre 

The purnp rmy 

Both pumps may be started 

Even a sudden i r rupt ion  of air, up t o  

A s l i p p i  

f r e e  of o i l ,  The gump is 

Torr 



, various applications of the new molecular pump can be 

recognized where it is likely t o  be superior t o  the high vacuum pumps 

used s o  far? 

Manufacture of large m i t t i n g  tubes f o r  highest  frequencies) 

accelerators  f o r  nuclear pbysica; mass-spectrometric kbigh-vaoxium ins ta l -  

la-tiom; s m e l D i n g  fna ta l la t ions  f o r  highest degrees of puri ty ,  e0ge9  of 

Germanium and Silicon. 

The pump might a l so  be usable f o r  the separation of l i g h t  isotopes. 

For normal hydrogen, it has a compression r a t i o  of l:25O, while the 

compression r a t i o  rises t o  1:2,400 f o r  heavy hydrogen D2 so t h a t  one mar 
speak of a separating factor of 9,6. 

Experiments i n  tallat d i rec t ion  are sti l l  under my. 
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